This work describes the use of a novel palygorskite, a type of magnesium aluminium silicate clay possessing a high specific surface area and pore surface activity, as a low cost and highly efficient adsorbent for hydrogen sulfide (H 2 S) removal. Adsorption of H 2 S on palygorskite pretreated with acid or base was investigated in a fixed bed adsorber. The samples after base pretreatment had better dynamic adsorption performances than raw material and samples pretreated with acid. The H 2 S adsorption capacity decreased with an increase in inlet H 2 S concentration. This can be interpreted by the fact that H 2 S adsorption on the surface of palygorskite is chemisorption. The adsorption capacity increased from 25 to 50 W C, then decreased from 50 to 100 W C, which indicates that chemisorption took place and its better reaction temperature was around 50 W C.
INTRODUCTION
Much effort has been devoted to the elimination or reduction of odour emissions from various sources. Many techniques including catalytic decomposition, reaction with another gas, adsorption with solids and combustion can be applicable to reduce or eliminate odour emissions. Among these techniques, adsorption of odour onto adsorbents is one of the more promising methods and a fixed bed adsorber is generally used. The key factor of this process is mainly dependent on an appropriate adsorbent which possesses the ideal properties for the selective adsorption of odour. The commonly used commercial adsorbents, such as activated carbon, zeolites and silica gel, were extensively studied for their odour adsorptive properties. Most of these adsorbents, however, have disadvantages such as complicated treatment processes or energy consumption, which increase the odour removal costs. For further minimization of process costs for odour removal, investigations have focused on using cheaper and easily obtainable adsorbents.
Recent studies ( showed that palygorskite pretreated with hydrochloric acid (HCl), nitric acid (HNO 3 ) or sodium hydroxide (NaOH) considerably changed the adsorption properties for NH 3 and SO 2 removal. The acid (HCl and HNO 3 ) activation is an efficient method to improve the surface properties because it can modify the number of adsorption sites by disaggregation of palygorskite particles, eliminate mineral impurities and increase its surface area. Pre-treatment with base (NaOH) can get silica gel that has a good ability to adsorb gases.
In this study, the adsorption capacity of raw palygorskite and palygorskite pretreated with HCl, HNO 3 or NaOH for H 2 S removal following the change of H 2 S concentration and the temperature is investigated.
MATERIALS AND METHODS

Preparation of adsorbents
Palygorskite clay was supplied by Gansu KaiDi Ecosystem Agriculture Co., Ltd, Gansu province, China and milled into a size of 400-mesh (around 38 μm). Palygorskite samples were prepared by the following procedure: micro-powdered palygorskite was immersed in a solution of HCl, HNO 3 or NaOH at various concentrations (1, 3 or 6 mol L À1 ) at 20 or 50 W C for a given time (24 or 48 h) with mechanical mixing at 150 rpm. The powder was then washed with distilled water several times until the pH was neutral, granulated into small particles with sieves and dried at 105 W C for 24 h prior to adsorption experiments. The pre-treatment conditions and the specific surface area (SSA) of the samples are shown in Table 1 . The SSA of the samples were measured by a Quantachrome AUTOSORB-1 (Giangarlo Scientific Co., Inc., USA) at 77 K using nitrogen as adsorbate and calculated from the isotherm using the Brunauer-Emmett-Teller (BET) equation. The name of each sample represents the pre-treatment conditions. For example, NaOH-154 indicates pre-treatment of palygorskite with 1 mol L À1 NaOH solution at 50 W C for 48 h.
Adsorption experiments
Adsorption experiments were carried out by a dynamic method on a laboratory scale as shown in Figure 1 . The experimental conditions are summarized in Table 2 . After the pure nitrogen gas flowed through the system for 5 min, a plastic bag was charged with the designated initial concentration of H 2 S with nitrogen as balance and the precisely weighed adsorbent contained in a column was connected. The input flux of H 2 S was adjusted and measured by the flow meter. Then the inlet and outlet concentrations (C i and C o , respectively) were tested at the sampling ports A and B in Figure 1 using a gas detection tube (Gastec Corp., Japan). The adsorbent in the column was installed in a thermostatic oven (G2800, Yanaco Co., Ltd., Japan) to keep the temperature constant. Adsorption experiments were conducted once for each condition until C o increased to over 10% of C i . 
RESULTS AND DISCUSSION
Effect of pretreatment
The breakthrough curves for H 2 S adsorption by RM and different pretreated samples, carried out with an inlet concentration of 40 ppm, are shown in Figure 2 . The operating variables (adsorbent weight, particle size and gas flow rate) were kept identical in each case and the runs were carried out at the laboratory room temperature of 25 W C. The 10% breakthrough time (10%BT: the time taken for C o to reach 10% of C i ) and adsorption capacity (W ) at 10%BT in the adsorption experiments at 25 W C are summarized in Table 3 . The samples after base pre-treatment had better dynamic adsorption performances, evident by longer 10%BT and larger corresponding adsorption capacities than RM and samples pretreated with acid. NaOH-154 had the highest H 2 S adsorption capacity at inlet concentration of 40 ppm. As OH À is present in the samples of NaOH-154 and NaOH-354, the results suggest that the important factors for adsorption of H 2 S also include chemical interaction with hydroxyl species and their dispersion and location on the surface of the clay.
With an increase in NaOH concentration, the 10%BT and adsorption capacity decreased, implying that the higher NaOH concentration destroyed the structure of palygorskite (Zhang et al. ) .
Effect of H 2 S concentration
The experiments with NaOH-154 and NaOH-354 were carried out at 25 W C under varying gas inlet concentrations: 40, 80 and 130 ppm. The operating variables including adsorbent weight and gas flow rate were kept identical in each case. The 10%BT and adsorption capacity at 10%BT with different inlet concentration of H 2 S are summarized in Table 3 . As shown in Figure 3 , the H 2 S adsorption capacity decreased with an increase in inlet H 2 S concentration in the gas. The adsorption capacity of NaOH-154 decreased from 3.1 to 2.8 mg g À1 with an increase in inlet H 2 S concentration from 40 to 130 ppm. The sample of NaOH-354 showed similar phenomena to the NaOH-154 and the adsorption capacity decreased from 1.0 to 0.30 mg g À1 . This can be interpreted by the fact that H 2 S adsorption on the surface of palygorskite is chemisorption. For the chemisorption, the surface can only form monolayer adsorption and it also needs time to reach equilibrium. In the given contact time, limited molecules of H 2 S were adsorbed and the 10%BT became shorter with an increase in inlet H 2 S concentration, which resulted in the decrease of adsorption capacity.
Effect of temperature
Adsorption experiments were carried out at various adsorption temperatures using NaOH-154. The results are shown in Figure 4 . It describes the adsorption capacity of H 2 S at 10%BT during dynamic adsorption by palygorskite at temperatures of 25, 40, 50, 75 and 100 W C. The gas flow rate and inlet concentration of H 2 S were kept constant at 0.1 L min À1 and 80 ppm, respectively. It was observed that the adsorption capacity of NaOH-154 increased from 25 to 50 W C, then decreased from 50 to 100 W C. The adsorption capacity at 50 W C showed the maximum of 5.7 mg g À1
although it was lower than that of previous studies using activated carbons (Guo et al. ; Ros et al. ) . These results indicate that chemisorption took place and its better reaction temperature was around 50 W C.
CONCLUSIONS
Adsorption of H 2 S on palygorskite pretreated with acid or base was investigated in a fixed bed adsorber. The samples after base pre-treatment had better dynamic adsorption performances than raw material and samples pretreated with acid. The H 2 S adsorption capacity decreased with an increase in inlet H 2 S concentration. This can be interpreted by the fact that H 2 S adsorption on the surface of palygorskite is chemisorption. The adsorption capacity increased from 25 to 50 W C, then decreased from 50 to 100 W C, which indicates that chemisorption took place and its better reaction temperature was around 50 W C. In addition, the valuable contribution of Ms Yukiko Nozoe, during experimental implementation, is gratefully acknowledged.
